Abstract: This paper looks at the willingness to pay for and participate in a curbside recycling program based on a survey of 401 residents in Ogden, Utah. Modifying the Cameron and James (1987) econometric model to fit ordered-interval data, we estimate that the mean willingness to pay for curbside recycling is $2.05 per month, and that 72% of the residents would willingly participate in such a program. Furthermore, females, young people, college-educated, those currently recycling without monetary reward, those regarding recycling as beneficial to the community and nation, and those with relatively high incomes are willing to pay the most for curbside recycling.
I. Introduction
An issue of concern for many communities continues to be the alarming increase in both the volume of and disposal costs for municipal solid waste.
1 These twin problems have induced county and city officials to examine waste-reduction alternatives such as recycling and composting. However, because these alternatives are commonly viewed as major departures from the status quo, officials have been cautious about implementing them. In many cases, exhaustive studies and surveys have been used to identify the most appropriate alternative. Lacking state-mandated goals, the city of Ogden, Utah has fallen into the category of exhaustive studying. 3 For instance, in July of 1996, as the closure date approached for its nearest waste disposal facility, the Weber County Landfill, anxious county officials commissioned a study of its waste management system. 4 It was no surprise that the study called for a host of waste-reduction and recycling initiatives (SCS Engineers, 1996) . In early 1997, Ogden City's Public Works Department began developing recycling options for the city council's consideration. 5 To complement these efforts, residents' willingness to pay for and participate in a variety of curbside recycling programs were surveyed (Dan Jones and Associates, 1997) .
This paper provides an analysis of the survey data. A narrow goal of our study is to discover what determines the value Ogden residents place on curbside recycling. Our broader goal is to aid other communities in making efficient, well-informed decisions regarding solidwaste management. In doing so, we introduce a modified approach for analyzing orderedinterval willingness-to-pay data which is not based on the (randomized) referendum or the openended approaches. The ordered-interval format, whereby respondents are presented with a series of intervals and asked to place themselves in one of the intervals, is reflective of how cities have traditionally elicited valuation information from their residents. Considering both the relative lack of academic studies on the value of curbside recycling and the wealth of survey data that we suspect exists around the country, we feel this may be a promising line of research.
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Contingent valuation (CV) analysis has received much attention in the economics literature. This attention stems from the dual facts that some type of direct valuation of nonmarketed commodities is often necessary, and yet it is difficult to design CV surveys such that truthful revelation of preferences is a dominant strategy. The literature has consequently diverged along two strands ⎯ one critical of CV studies and the other less so. The critical literature is encapsulated in Diamond and Hausman (1994) . Their argument is, on the surface, a simple one: CV responses are inconsistent with economic theory, thus CV surveys do not measure the preferences for non-marketed goods that they attempt to. As the authors implicitly acknowledge, however, this argument is premised on the assumption that the goods in question primarily deliver non-use value, such as the protection of migratory waterfowl, rather than use value, such as curbside recycling. In other words, there may be a spectrum of goods for which CV surveys more closely measure preferences; in particular goods such as curbside recycling, which resemble private goods that respondents have some prior experience paying for. 7 The less critical strand of the literature includes studies that measure the degree of unreliability and invalidity inherent in the CV method, as well as those which apply the method to non-marketed goods. 8 An attempt at synthesizing this literature into a set of survey guidelines was recently undertaken by a panel of distinguished economists, convened by the National Oceanic and Atmospheric Administration (Arrow et al., 1993) . We appeal to these guidelines in the next section in order to highlight both the strengths and weaknesses of the instrument used in the Ogden survey.
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Using a recursive simultaneous model that both links willingness to pay for and participate in curbside recycling and extends to ordered-interval data the estimation technique introduced by Cameron and James (1987) , we find that the mean willingness to pay for curbside recycling is $2.05 per month, and that 72% of the residents would willingly participate in such a program. Furthermore, females, young people, college-educated, those currently recycling goods without monetary reward, those regarding recycling as beneficial to the community and nation, and those with moderately high incomes are willing to pay the most for curbside recycling. The survey instrument used for this study is discussed in the next section. Section III presents a simple theoretical framework for the ensuing empirical analysis of our data. Section IV describes the estimation technique and discusses the results of the empirical analysis. Sections V presents a summary of our findings and a discussion regarding the implementation of a curbside recycling program.
II. Survey Instrument and Data
The data used in this paper consists of the telephone responses of 401 residents to 85 5 questions regarding various recycling programs. The survey was administered between July 29 th and August 9 th of 1997 by Dan Jones & Associates, a professional research firm located in Salt Lake City, Utah. The variables used in this study, including the corresponding questions posed to the respondents, are described in Table 1 . Summary statistics are provided in Table 2 .
[Insert Tables 1 and 2 here] It is instructive to compare our survey instrument with the guidelines for CV analysis set forth in Arrow, et al. (1993 Our survey meets the great majority of the Arrow et al. guidelines. 11 For instance, by eliciting willingness to pay rather than willingness to accept, and by phrasing the willingness-topay question in a conservative interval rather than open-ended format, we reduce the chance of overestimating the value of curbside recycling, ceteris paribus. 12 Further, we reduce biases associated with the lack of a program description because the survey opens with a series of questions concerning the respondents' current garbage collection service, and then briefly distinguishes between curbside and centralized collection programs. The fact that this distinction is made also reduces bias associated with not providing the respondents' with an adequate reminder of substitute goods for curbside recycling. Item non-response, which is accounted for by including a "don't know" option in all questions, is also minimal in the survey. In general, this option was chosen by only 0% to 3% of the respondents for any given question.
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As it turns out, our survey deviates from the Arrow et al. guidelines in one main respect ⎯ our willingness-to-pay question is elicited in an ordered-interval rather than randomized-bid format. As we show below, a willingness-to-pay model based on ordered-interval data can be analyzed similarly to one based on a randomized bid. Further, we feel that the existence of similar survey data for other cities ⎯ data which contains useful information about the management of solid waste ⎯ accentuates, rather than diminishes, the importance of the ensuing analysis.
III. Theoretical Framework
We assume that the i th individual makes a joint decision regarding her maximum willingness to pay ( PAY i * ) for and willingness to participate ( PAR i * ) in a curbside recycling program which presently does not exist. 14 Similar to Hopper and Nielson (1991) , Lake, et al. (1996) , and Morris and Holthausen (1994) , we assume that a loosely-defined notion of altruism motivates a typical household's demand for curbside recycling. In turn, a household's altruistic behavior is reflective not only of its concern for the environment, but also of the existence, option, and amenity values it ascribes to the act of recycling. Unlike Fullerton and Kinnaman (1996) and Hong, et al. (1993) , the possibility of paying less for waste disposal service due to the implementation of a unit-pricing scheme is not a factor in this study which influences the household's valuation of curbside recycling. This is because unit pricing was not an issue explored by the Ogden survey, and thus households were not encouraged to consider the effects that such a scheme might have on their monthly disposal costs.
The simultaneity of the household's PAY * / PAR * decision reflects the fact that any fee charged for recycling must be less than or equal to the individual's PAY i * before she will participate. We assume PAY i * is represented as
where ε i is an i.i.d. error term with variance σ ε 2 , X i is a (k 1 x 1) vector of exogenous household attributes (i.e., demographic characteristics, attitudes toward recycling, travel costs to drop-off sites, sorting and storage costs, etc.), and β is a (k 1 x 1) vector of unknown parameters.
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The willingness of an individual to participate in a curbside recycling program is based on the difference between PAY i * and the expected costs of the program. In other words,
, where δ > 0 is an unknown parameter and E FEE i ( ) is individual i's expectation of the fee (i.e. monthly increment to her garbage collection bill) that she will pay for curbside recycling. 16 Thus, PAR i * may be represented as
where µ i is an i.i.d. error term with variance σ µ 2 and which is possibly co-variant with ε i ,
* is a (k 2 x 1) vector of explanatory variables possibly overlapping with X i , and γ is a (k 2 x 1) vector of unknown parameters. The vector W i represents those variables which are included in the deterministic portion of E FEE i ( ) and include items such as the individual's estimate of the average monthly trash collection fee in Utah, whether the individual currently recycles, and several demographic variables. The specific variables comprising X i and Z i in this study are discussed in further detail in the next section.
Equations (1) and (2) where α 0 = −∞, α 1 00 = $1. , α 2 50 = $1. , α 3 00 = $2. , α 4 50 = $2. , and α 5 = +∞ .
IV. Econometric Analysis

Estimation Procedure
The theoretical model given by (1) and (2) above depicts a recursive simultaneous system in which the i th individual makes a joint decision regarding her willingness to pay for and willingness to participate in a curbside recycling program. The system is simultaneous because the latent variables PAY i * and PAR i * are jointly determined by the model, and it is recursive in the sense that PAR i * depends on PAY i * but not vice versa. 17 While in theory the system could be estimated by full-information maximum likelihood, the recursive nature of the system lends itself to a less-computationally intense two-stage estimation procedure which produces consistent estimates of the parameters.
The two-stage estimation procedure is as follows. 18 In the first stage, we estimate the parameter vector θ β
where there are 5 choices for the dependent variable, w ij equals one if the i th individual makes the j th choice and zero otherwise, P ij gives the probability that the i th individual makes the j th choice:
and F is a well-defined cumulative density function (CDF). For most distributions, maximization of (3) is a nonlinear estimation problem, and therefore, an estimate of θ 1 is obtained by employing an iterative optimization routine such as Newton's method.
In the second stage, estimates of PAY i * from (1) are substituted into (2) resulting in
is a composite error term with variance σ ν 2 , and γ 1 is the first element of γ . An estimate of θ γ 2 = { / } σ ν is then produced by maximizing
where w ij is defined as before, and P i1 and P P i i 2 1 1 = − are now given by
Again, maximization of (5) is a nonlinear optimization problem and can be solved using numerical optimization. As is common in linear regression analysis, we assume F to be the standard normal cumulative density function making the models in stages #1 and #2 multinomial and binomial ordered probit models, respectively.
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Before discussing our estimation results, the issue of identification must be addressed. In referendum-type willingness-to-pay questions, β is often identified using Cameron and James' censored probit (or logit) model (which is tantamount to including the randomized opening bid in the X i vector; see Cameron and James (1987) ). However, as discussed in section II, the willingness-to-pay question in this survey was presented in an ordered-interval format and thus a different method for achieving identification is necessary.
Begin by noticing that in the absence of any further restrictions, the parameters in the numerators and denominators of θ 1 and θ 2 are not identified. It is apparent from (4) and (6) that we would only be able to estimate the ratios β / σ ε , α σ ε j / , and γ / σ ν and, as a result, would be unable to generate mean willingness-to-pay estimates, E PAY ( | )  * X X = ʹ′β , where X indicates the average across individuals. 20 However, since the interval cutoff values (i.e., α j for j = 0,…,5) are known with certainty in our study, we can substitute in these known cutoff values in order to estimate σ ε and β directly. We make no attempt to separately identify γ and σ ν .
Moreover, since σ ε and β are estimated separately, standard econometric packages automatically produce appropriate asymptotic standard errors so that tests of significance and goodness-of-fit may easily be carried out.
Discussion of the Results
Once estimates of these parameters have been obtained, we then estimate probabilities, marginal effects and goodness-of-fit measures associated with both equations (1) and (2). One advantage of the simple linear representation of (1), which allows for negative willingness to pay (as opposed to the more standard log-linear representation), is that the marginal effects on PAY i * from a unit change in X i are simply given by the estimates of β . The same, however, is not true for the willingness-to-participate equation. As mentioned above, we do not attempt to identify the individual elements in θ 2 , and instead follow the usual normalization procedure of setting σ ν = 1. This normalization, along with the fact that the coefficients are not the respective derivatives of the probability of participation, make the coefficients in (2) difficult to interpret; see Greene (1993, pp. 927-929) . In response, we report only the marginal effects (evaluated at the means) of changes in Z i on P ij . Lake, et al. (1996) , who find that those who currently recycle are less likely to refuse any particular fee level.
Second, all remaining variables which influence willingness to pay for curbside recycling in a statistically-significant manner do so in a positive fashion. That is, all else equal, if an individual (i) feels that recycling is beneficial to the community and country, s/he is willing to pay 41 cents more than someone who feels recycling is either somewhat, not very, or not at all beneficial; (ii) is willing to travel over two miles to a drop-off location, s/he is willing to pay an additional 19 cents; (iii) is female, she is willing to pay 37 more cents than her male counterpart; (iv) is between the ages of 18 and 34, s/he is willing to pay 44 cents more than someone over the age of 55; (v) has some college training, s/he is willing to pay 15 cents more than someone with no more than a high school education; (vi) is a college or post-college graduate, s/he is willing to pay 41 cents more than someone with no more than a high school education; and (vii) has an income between $30K and $50K, s/he is willing to pay 23 more cents than someone with an income below $30K.
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These demographic regularities suggest revenue-maximizing strategies for local governments that would target individuals with the highest willingness to pay. For instance, if local governments promote recycling as good for the environment, say through a recyclingawareness program, then they may increase people's willingness to pay for curbside recycling.
Our results also suggest that recycling-awareness programs targeting women may ultimately lead to more flexibility in the fee structure ⎯ the greater the percentage of women who participate in a new curbside recycling program the higher a permissible fee. Similarly, the more highly educated the population, the higher a permissible fee for recycling. Tiller et al. (1997) also find that demographic variables influence a household's willingness to pay for drop-off recycling, however, in some cases their results are strikingly different than ours. For example, they find that household income positively affects a rural household's, but has no effect on a suburban household's, willingness to pay. Education negatively affects a rural household's willingness to pay when that household does not currently recycle, but has no effect on either a rural or suburban household who currently recycles.
Further, Tiller et al. find that an increase in age reduces the willingness to pay for rural households who currently recycle (there is no age effect for rural households who do not presently recycle or for suburban households). Lastly, they find that a suburban household's willingness to pay is further reduced as its belief in recycling as a means to reduce landfill waste grows stronger. Lake, et al. (1996) find that, aside from its previous recycling behavior, no other demographic variables influence a household's willingness to pay for curbside recycling.
Turning to participation, in column 3 of Table 3 we present the marginal effects (evaluated at the means) of a change in Z i on the probability of participation in a curbside recycling program. Since the marginal effects are complicated nonlinear combinations of the coefficients, we calculated 95% confidence bounds from 500 bootstrap simulations by resampling with replacement from the original data matrix ( , , , ) PAY PAR X Z ; see Davidson and MacKinnon (1993, pp 763-768 words, it appears that the single most important factor in determining whether an individual will participate in curbside recycling is his estimated willingness to pay. In particular, the marginal effects indicate that an increase in willingness to pay of, say, 10 cents leads to an impressive 7.56
percentage point increase in the probability that one will participate in curbside recycling.
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These results are similar to Fullerton and Kinnaman (1996) , who find that aside from unit pricing of non-recyclable waste no other demographic variables jointly determine a household's participation in curbside recycling (measured as pounds of recyclable material generated). Hong, et al. (1993) , on the other hand, find that several demographic variables in addition to unit pricing determine the probability of participation (measured as frequency of setting out recyclables at the curb), including household size, education level of head of household, whether or not the home is owned or rented, and race. Additional support for the role of demographics in explaining participation can be found in the environmental-psychology literature. For instance, Oskamp, et al. (1991) find that a household's participation in a voluntary recycling program depend upon household income, whether or not the residence is single-family, whether or not the residence is owned, general knowledge of conservation, intrinsic motives, and whether or not friends and neighbors recycle. Hopper and Nielsen (1991) find that in addition to experimental interventions (such as informational flyers, prompting, and block leaders), personal norms and awareness of the consequences associated with not recycling affect participation (measured as frequency of setting out recyclables at the curb). Interestingly, none of the aforementioned studies on participation allow for simultaneity in the household's decision-making process.
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In addition to marginal effects, we present estimates of willingness to pay and probability of participation for the mean and median individuals. The mean values are displayed toward the bottom of Table 3 . Beginning with willingness to pay, our ML estimates indicate that the mean individual is willing to pay between $0.52 and $3.59 extra per month for curbside recycling service, with a point estimate of $2.05. This amount differs very little from the median willingness to pay, which is also approximately $2.05, but is one to two dollars lower than the estimates obtained by Stock (1997) for curbside recycling and Tiller, et al. (1997) for drop-off.
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In Figure 1 , we present the within-sample frequency distribution of point estimates for willingness to pay. The empirical distribution appears to be symmetric about the mean of $2.05, with only six observations falling outside the [$1.00, $3.00] interval. As for the predicted mean probability of participation we find (based on the bootstrapping procedure) that the mean probability of participation in a curbside recycling program is between 66 and 78 percent, with a point estimate of 72 percent. 29 In this case, the median point estimate is 63 percent, which
indicates that the empirical distribution of probabilities is skewed toward one. Figure 2 confirms this suspicion.
Several methods have been proposed for analyzing how well qualitative-response models fit the data ⎯ within-sample prediction performance, pseudo R 2 s, likelihood ratio statistics, etc.;
see Amemiya (1981) and Maddala (1983) . Since we have already presented likelihood ratio statistics for the two models, we turn our focus to within-sample prediction performance. Tables   4 and 5 summarize the number of hits and misses in the two models, respectively, with the elements in the (x,y) cell indicating how many times an individual observed in the x th interval was predicted to fall in the y th interval. For willingness to pay (equation (1) [Insert Tables 4 and 5 here] Beginning with the in-sample fit of (1), Table 4 reveals that overall the model correctly predicts 29 percent of the willingness-to-pay categories. Although this percentage does not indicate an excellent fit, recall that the maximum-likelihood estimation criteria is not maximizing any goodness-of-fit measure as in the linear regression model (Greene 1993, p. 182) .
Furthermore, if one counts "near-misses" (i.e., predictions that miss by a single category), the model's predictive performance improves to 79 percent, with an average miss of only 22 cents.
The predictive performance of the willingness-to-participate model is presented in Table   5 . The total percentage of correct predictions is 73 percent, with an average distance from the cutoff for all misses equal to 0.17. This model is a marginal improvement over the 68 percent of correct predictions given by the "naive model" where one simply predicts that all observations fall in the category with the largest observed frequency. In sum, although the willingness-to-pay and willingness-to-participate models fair about the same as their associated naive models with respect to traditional in-sample prediction, our models appear to fit the data reasonably well given that the majority of misses are "near hits".
V. Conclusion
The results of this study should be viewed from two perspectives ⎯ one focusing on the estimation method, the other on specific findings regarding the value of curbside waste recycling. The estimation method for randomized-bid models proposed by Cameron and James (1987) was modified and applied to survey data from Ogden, Utah, where the willingness-to-pay question was posed as an ordered-interval choice. The purpose of this application was to fully identify the determinants of the respondents' willingness to pay and participate in curbside recycling, and in turn, directly estimate the population mean willingness to pay and probability of participation for the entire city. On this note, we find several demographic variables which are statistically-significant determinants of willingness to pay. We also estimate that on average residents are willing to pay $2.05 per month, and that about 72% of the residents would willingly participate in such a program.
To assist the city council in implementing a curbside recycling program, Ogden City's Public Works Department recently prepared a five-year projection of estimated costs for fullyautomated split-carts. 30 The split-cart option entails one truck per street per week, which collects both co-mingled recyclable and non-recyclable solid wastes (RSW and non-RSW, respectively).
The breakeven monthly fee per household assuming mandatory participation was calculated at $2.58 for 1999, falling to $2.22 by 2002 due to expected efficiency gains. 31 These are fees necessary to cover the added curbside-collection costs of green waste and RSW, relative to the status quo of collecting neither. 32 Given these forecasts of the costs associated with implementing a curbside recycling program, we project that Ogden will breakeven only if households are charged a small additional fee for the curbside collection of green waste or are able to generate sufficient revenues through the sale of RSW.
Assuming that a community similar to Ogden -which is planning to implement a curbside recycling program in the near future -desires to set a mandatory monthly household fee for curbside service that is near the typical household's maximum willingness to pay, then our findings have a clear implication. The community's public works department should consider targeting its promotional advertising campaign toward residents who are male, older, lowerincome, and/or have less formal education. These individuals are, on average, not willing to pay as much for curbside recycling service. Because an individual's willingness to participate is positively related to his maximum willingness to pay, these individuals will also be less likely to willingly participate in any given curbside program. As a result, they will be more likely to resist the implementation of a given program at the outset.
The planning process followed by Ogden City's Public Works Department in its development of a cost-effective recycling program exemplifies this strategy, and more. For instance, it has solicited the help of a regional recycling association (known as the Southwest Public Recycling Association) in identifying the most appropriate recycling options for the Ogden community, and in estimating associated implementation costs. It has worked closely with the city council at each step in the process, and is presently soliciting bids for various components of the recycling options under consideration. In addition to committing itself to the curbside collection of green waste, the city council has also accepted the need for a variable-rate structure, in order to provide incentives for households to reduce their garbage volumes.
As for promoting the general idea of curbside recycling, the public works department is considering targeted advertising. It recognizes that even though the typical household may be willing to pay the full amount for curbside recycling, there will be opposition from other types of households. Changing the attitudes of these opposing households will be an important measure of the city's success in implementing a recycling program. The city has also recognized that an education program regarding the specific recycling option chosen will have to be broad based, touching every household regardless of its acceptance or rejection of the principle of recycling.
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Finally, and perhaps most significantly, the city has recognized that educating youth directly through the public school system will help ensure any recycling program's future acceptance. It is therefore considering an education program specifically targeted to its elementary and middle schools. 
PAY
As you probably already know, it currently costs residents $10.65 per month for garbage collection. In addition, to your current monthly bill, how much would you be willing to pay each month for a curbside recycling program?
1 if PAY* < $1.00 2 if $1.00 < PAY* < $1.50 3 if $1.50 < PAY* < $2.00 4 if $2.00 < PAY* < $2. See table 1 for a detailed description of the variables. Column 2 presents asymptotic standard errors in parentheses except for Mean PAY*, for which (parametric) asymptotic confidence intervals are presented. Column 3 presents bootstrapped 95% confidence intervals in parentheses * Significant at a 10% level ** Significant at a 5% level *** Significant at a 1% level In some areas of the country landfill space has actually increased, working to decrease tipping fees. In some of these areas, however, the increased space may partially be a result of recycling (Bailey, 1992) . For more information on management of municipal solid waste see Tietenberg (1998) , Goodstein (1998) , Franklin and Franklin (1992) , Sagoff (1988), and Glenn (1998) .
2 An estimated 9,000 communities in the U.S. currently have curbside recycling programs (Glenn, 1998) . The U.S. Environmental Protection Agency (EPA) estimates that several of these communities also have in place "Pay-As-You-Throw" variable rate structures (EPA, 1998) . It therefore seems likely that many of these communities surveyed their residents' willingness to participate and pay as part of their information-gathering processes.
3 The city of Ogden is located approximately 40 miles north of Salt Lake City in west central Utah. According to recent estimates its population is approximately 68,000 (Ogden City Community Development Office, 1998).
4 Until its closure, the Weber County Landfill serviced 165,000 county residents, accepting approximately 180,000 tons per year of solid waste (SCS Engineers, 1996) . This tonnage represented an average annual increase in the quantity of disposed solid waste since 1991 of approximately 4.4 percent (Ibid). From 1990 to 1996 the county tipping fee had risen an average of approximately 21 percent per year, translating into an average annual increase in monthly household rates of approximately 7 percent (Ogden City Public Works, 1998).
5 Except for an aborted attempt at privatized curbside recycling collection in 1992, Ogden has never offered any form of curbside collection of recyclable materials (Stock, 1997) . Few centralized recycling options are presently available in the local area.
6 Several recent studies have examined the issue of expanding recycling services in cities which presently have curbside recycling programs. These include Fullerton and Kinnaman (1996) , Kinnaman (1996) , Lake et al. (1996 ), Hong et al. (1993 , Hopper and Nielsen (1991), and Vining and Ebreo (1990) . Tiller, et al. (1997) consider the issue of centralized drop-off recycling programs in rural and suburban areas of Tennessee. Aside from Stock (1997) , we know of no other studies which have examined the value that households place on curbside recycling in cities which do not presently have such a program in place.
specific to dichotomous-choice formats, see Loomis (1990) , Alberini (1995a) , Alberini (1995b) , Kanninen (1995) , Brookshire et al. (1982) , Abdelmoneim and Jordan (1995) , and Holmes and Kramer (1995) . This literature also encompasses research which has attempted to develop a cohesive theoretical framework within which standard estimation techniques, such as probit and logit analysis, can be used to estimate various welfare measures. See Hanemann (1984) and Cameron (1988) for two seminal perspectives on the need for grounding CV analysis in a utilitytheoretic framework. 9 The NOAA panel's survey guidelines are generally well-respected by practitioners of CV analysis. See Carson, et al. (1996) for further discussion.
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As a premise to the willingness-to-pay question, respondents were asked, "In addition to your current monthly bill....." This type of question therefore grounds their responses in prior experience. Similar premising was provided throughout the survey were appropriate. The final version of the survey instrument was pre-tested on 20 individuals. The instrument was also pretested during the various stages of a standard revision process (personal communication with Dan Jones & Associates).
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According to Arrow et al. (1993, p. 4608) , "A CV survey does not have to meet each of these guidelines fully in order to qualify as a source of reliable information...Many departures from the guidelines or even a single serious deviation would, however, suggest unreliability prima facie."
12 By "conservative" we mean that the intervals are not extremely wide and therefore do not extend to explicitly large values. In this way we diminish what is commonly known as high-end "anchoring bias." Although any choice of intervals is open to some anchoring bias, this bias is less likely to affect estimates of the marginal effects than that of mean willingness to pay. It is important to note that the intervals chosen for this survey encompass the more common monthly rates that presently exist throughout the U.S. (Resource Recycling, recent issues).
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The survey non-response rate was approximately 29 percent of all telephone calls made. Dan Jones and Associates believes that this resulted from the length of the survey (each respondent was advised of the survey's expected length, which was 20 minutes). The survey's length was due to the fact that the 85 questions covered more services than just curbside recycling (additional services included drop-off recycling, green-waste recycling, Spring cleanup, and Christmas-tree removal). Thus, it is unclear whether or not this survey suffers from nonresponse bias, as it could be that as many pro-recyclers were deterred from participating (due to the survey's length) as were con-recyclers (due to their distastes for recycling).
14 The superscripted * denotes that these values are unobservable to the researcher.
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In willingness-to-pay studies, PAY* is often measured in natural logarithms because negative willingness to pay is not allowed. However, one can argue that within the context of curbside recycling some individuals may not be willing to participate in a curbside recycling program unless they are paid. This is due to the costs involved in generating recyclable materials (Jackus et al., 1996) , or to the lost income associated with recycling items such as aluminum cans and newspapers. Moreover, in Stock's (1997) survey of Ogden residents, several of the respondents explicitly mentioned having a negative willingness to pay for curbside recycling.
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This model therefore allows households to simultaneously have positive PAY * values, but be unwilling to participate (PAR * <0). This could occur, for instance, when a household desires that the service be made available for others, even though it would not consider participating itself. Alternatively, an individual may simply expect the monthly fee to exceed their monthly willingness to pay. A total of four households in our survey responded with a positive willingness to pay, but an unwillingness to participate in a curbside recycling program. 17 Maddala (1983) describes a recursive simultaneous qualitative-response system as one in which the action taken with y 1 precede the action taken with y 2 . In our model, however, it is the intentions about y 1 (i.e., PAY*) that precede the intentions about y 2 (i.e., PAR*). In this sense, our description of the system as recursive is more in line with the traditional definition of a recursive or triangular system; see Greene (1993, pp. 736-737) .
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See Lee (1976) and Maddala (1983) for more details on two-stage estimation in qualitative dependent variable models.
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Another commonly specified distribution for F is the logistic distribution. The standard normal and logistic densities are similar in shape except for the fatter tails in the latter distribution. As a consequence, unless the sample is substantially unbalanced or there is wide variation in the independent variables, the choice between the distributions is unlikely to affect the results in any meaningful manner; see Amemiya (1981 Amemiya ( , pp. 1487 Amemiya ( -1489 and Green (1993, pp. 875-876) . We estimated the models using both the logistic and standard normal distributions and found them to be remarkably similar. We therefore reproduce the results from only the standard normal distribution given its prominence in statistical analysis.
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Notice that identification of the elements in θ 1 is not required to estimate the probabilities of falling within a particular willingness-to-pay interval and the corresponding marginal effects.
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The results in Tables 3, 4 and 5 appear to be robust to omitting observations associated with item non-response. Rather than deleting the 66 item non-response observations, we also lumped these observations into the "omitted" category for the independent variables and dependent variables. We found the results to be qualitatively similar in the two cases.
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The chi-squared statistic for the null hypothesis that the slope coefficients in (1) are jointly zero is 87.379, which allows us to reject the null at the 1% level.
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Presently in Ogden, one private recycling company pays for newspapers and aluminum.
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Notice that the estimated coefficient on High Income, while positive, is not statistically significant. We offer a couple of possible reasons for this counterintuitive result. One, it could simply be a sample phenomenon. After all, at a 90% confidence level, you would expect at least one of the coefficients to show up as statistically insignificant even if they were all known to be different than zero in actuality. And two, it may be that data set is not rich enough to accurately distinguish the effects of those with income levels between $30K and $50K from those with income levels over $50K. It should be noted, however, when all those with incomes above $30K are lumped together into High Income, the results indicate that they are willing to pay 17 cents more than those with incomes less than $30K and the result is significant at the 90% confidence level. 25 Recall, Middle Income and Young are included to capture each individual's expectation of the curbside recycling fee, which appears in (2) with a negative coefficient. Therefore, the negative signs indicate that young individuals with average incomes, all else equal, expect higher fees to be charged for curbside recycling.
26
This is of course only true for small changes in the predicted value of PAY evaluated at the sample mean of all other explanatory variables. For instance, it does not imply that a $2.00 increase in PAY will increase the probability of participation by a nonsensical 152 percentage points. 27 Similar to Hong, et al. (1993) , Hopper and Nielsen (1991) , and Oskamp, et al. (1991 ), Jakus, et al. (1997 find that several demographic variables influence a rural household's probability of participating in a drop-off recycling program. In addition, they find that household production constraints determine participation. Jakus, et al. also do not control for the simultaneous nature of the household's decision-making process.
28
Our mean and median willingness-to-pay values are larger than the lower bound of approximately $0.86 estimated by Kinnaman (1998) for his sample from Lewisberg, Pennsylvania. 29 This result is similar to Kinnaman (1998) , who estimates a 75-percent participation rate. None of the other studies which measure participation (Jakus, et al. (1997 ), Hong, et al. (1993 , and Fullerton and Kinnaman (1996) ) report mean probability estimates.
30
The following break-even analysis is based on information provided by Dan Grigsby, Operations Manager, Ogden City Public Works Department.
31
Based on Ogden's earlier, ill-fated experience with voluntary curbside recycling (see Stock (1997) for more details), the city's Public Works officials have decided that any future municipal curbside program will be mandatory (at least during its initial years). Furthermore, it is difficult to estimate break-even fees under voluntary participation, as participation and the monthly fee are mutually dependent on one another. Voluntary participation implies a higher break-even fee, which in turn implies lower participation. Thus, a break-even fee is difficult to pin down ex ante for a voluntary program.
